The mechanisms that allow the maintenance of immunological memory remain incompletely defined. Here we report that tumor necrosis factor receptor (TNFR)-associated factor (TRAF) 1, a protein recruited in response to several costimulatory TNFR family members, is required for maximal CD8 T cell responses to influenza virus in mice. Decreased recovery of CD8 T cells in vivo occurred under conditions where cell division was unimpaired. In vitro, TRAF1-deficient, antigen-activated T cells accumulated higher levels of the proapoptotic BH3-only family member Bim, particularly the most toxic isoform, Bim S. In the presence of excess IL-15, memory phenotype T cells with similar surface phenotype and comparable levels of Bcl-2 family members could be generated from WT or TRAF1-deficient T cell receptor transgenic OT-I T cells. However, when the memory CD8 T cells were allowed to compete for survival signals in the absence of antigen in vivo, the TRAF1-deficient T cells showed decreased recovery compared with TRAF1-sufficient T cells. This defect in T cell recovery in vivo was alleviated by introduction of siRNA to down-modulate Bim in TRAF1-deficient memory T cells. These studies identify the TRAF1 signaling axis and Bim down-regulation as critical for CD8 memory T cell survival in vivo.
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Bcl-2 family ͉ influenza virus ͉ knockout/transgenic mice T he mechanisms that maintain the survival of memory T cells are not well understood but are critically important for protective immunity. Several members of the TNF receptor (TNFR) family have been implicated in regulating the survival of T lymphocytes and subsequent immunological memory (1) .
TNFR family members involved in pro-survival signaling contain TNFR-associated factor (TRAF)-interacting motifs that function to recruit TRAFs (2) to their cytoplasmic tails. The prototypical TRAF family member, TRAF2, is an important mediator of survival signaling, and its overexpression can lead directly to NF-B activation (2) (3) (4) . TRAF1 is unique among TRAF proteins in lacking the N-terminal RING finger required for NF-B activation (5, 6) and in having only 1 zinc finger. Thus, TRAF1 resembles a dominant-negative form of TRAF2 (3) .
There are conflicting data on the role of TRAF1 in signaling downstream of TNFRs. TRAF1, as well as TRAF2, cellular inhibitor of apoptosis (cIAP) 1, and cIAP2, are all required to suppress TNF-induced apoptosis in NF-B-deficient cell lines (7) . TRAF1-deficient dendritic cells show stimulus-dependent TRAF2 degradation, increased apoptosis, and marked deficiency in NF-B activation after CD40 stimulation (6) , implicating TRAF1 in sustaining TRAF2-dependent signaling through CD40 (6) . The overexpression of TRAF1 in many tumors of B cell origin is also consistent with a survival function for TRAF1 (8, 9) . In contrast, overexpression of TRAF1 can lead to inhibition of TRAF2-mediated effects downstream of CD40 signaling (10) . Additionally, a caspase-induced cleavage product of TRAF1 can interfere with TRAF2-mediated survival signaling (11) (12) (13) . Thus, TRAF1 may be involved in the promotion as well as feedback inhibition of TRAF2-mediated signaling events.
In T cells, TRAF1 deficiency results in hyperresponsiveness to anti-CD3 and TNF stimulation in vitro, suggesting that TRAF1 is a negative regulator of T cell activation (14) . In contrast, constitutive overexpression of a TRAF1 transgene in a T cell antigen receptor (TCR) transgenic model led to reduced antigen-induced cell death (15) . However, the effect of TRAF1 deficiency on antigen-specific T cell responses in vivo has not yet been analyzed. Therefore, we examined the CD8 T cell response to influenza virus in wild-type (WT) and TRAF1
Ϫ/Ϫ mice. In the absence of TRAF1, fewer antigen-specific T cells were recovered throughout the primary and secondary response to influenza virus. More strikingly, the absence of TRAF1 in T cells had a profound effect on the survival of memory T cells in the absence of antigen in vivo.
Results

Decreased Antigen-Specific T Cell Responses in TRAF1 ؊/؊ Mice After
Influenza Virus Infection. WT and TRAF1
Ϫ/Ϫ mice were immunized i.p. with influenza A virus and T cells were enumerated by using D b /NP366-374 tetramers. TRAF1 Ϫ/Ϫ mice elicited only 40-60% the frequency and total number of D b /NP366-374 tetramer-positive CD8 T cells in the spleen compared with WT mice throughout the primary and secondary response ( Fig. 1 A  and B) . After intranasal (i.n.) infection and secondary i.n. challenge with influenza virus at day 42 after priming, there was also a substantial decrease in antigen-specific CD8 T cell numbers in the lung and draining lymph nodes of TRAF1-deficient compared with TRAF1-sufficient mice (Fig. 1C) . Thus, TRAF1 influences the number of antigen-specific CD8 T cells recovered after influenza virus infection during primary and memory T cell responses, regardless of the route of infection.
Although antigen-specific T cell numbers were decreased in TRAF1 Ϫ/Ϫ mice, after restimulation with peptide there was no decrease in the frequency of CD8 T cells producing IFN-␥ in WT versus TRAF1
Ϫ/Ϫ mice during the primary or secondary response (Fig. 1D) . Similarly, the direct ex vivo killing functions of WT and TRAF1-deficient T cells were indistinguishable (Fig. 1E) .
Role of TRAF1 in CD8 T Cells Versus Host Cells in CD8 T Cell Expansion.
In T cells, TRAF1 can associate with TNFR2, CD30, HVEM, GITR, and 4-1BB and in non-T cells, for example dendritic cells, with CD40 and RANK (2) . Adoptive transfer experiments using T cells purified from influenza-primed WT or TRAF1 Ϫ/Ϫ mice transferred into WT or TRAF1-deficient hosts, where the cells were rechallenged, were consistent with both T cell intrinsic and extrinsic effects of TRAF1 (data not shown). To pinpoint the TRAF1 effects to T cells versus host cells, we turned to an adoptive transfer model in which the antigen-specific CD8 T cells selectively lacked or expressed TRAF1.
To analyze effects of TRAF1 in host cells, congenically marked OT-I CD8 TCR transgenic T cells were transferred into naive WT or TRAF1 Ϫ/Ϫ recipients and, 24 h later, mice were challenged with a recombinant influenza virus, WSN-OVA, expressing the ovalbumin 257-264 epitope (16) . Decreased primary expansion of the WT OT-I T cells was observed in TRAF1 Ϫ/Ϫ recipients compared with the WT recipients, with the largest impact of TRAF1 observed at day 3 after infection ( Fig. 2A) . By day 7, there was no significant difference in CD8 T cell numbers between WT and TRAF1 Ϫ/Ϫ recipients, suggesting that TRAF1 in the host plays a role in accelerating the initial expansion of antigen-specific CD8 T cells. Furthermore, transfer of WT memory OT-I T cells into WT or TRAF1-deficient hosts showed similar recovery of the memory T cells at 3 weeks after transfer (data not shown).
To address T cell intrinsic effects of TRAF1 on CD8 T cell responses, purified Thy1.1 naive OT-I WT or OT-I TRAF1 Ϫ/Ϫ T cells were transferred into naive Thy1.2 WT recipients, and 24 h later, mice were challenged with WSN-OVA. Again, the TRAF1-deficient OT-I T cells showed decreased CD8 T cell numbers compared with the TRAF1-sufficient T cells (Fig. 2B ) as well as a decrease in the number of IFN-␥-producing cells, after peptide restimulation (Fig. 2B Right, day 5) . In a separate experiment, using CFSE-labeled cells, the proportion of cells that had undergone one, two, three, or four divisions in each mouse showed some variability, but there was no consistent difference between the WT and TRAF1 Ϫ/Ϫ OT-I T cells (Fig. 2C) . Thus decreased recovery of antigen-specific T cells in TRAF1 Ϫ/Ϫ mice is not explained by a proliferative defect of the TRAF1-deficient cells.
Analysis of Pro-and Antiapoptotic Bcl-2 Family Members in the
Presence and Absence of TRAF1. Decreased numbers of antigenspecific cells under conditions of equal division (Fig. 2) could be due to a survival advantage of the TRAF1-containing T cells. The ratio between antiapoptotic mediators Bcl-2 and Bcl-x L to the proapoptotic molecule Bim is critical in determining the survival of activated T cells (17) . Bim is a BH3-only Bcl-2 family member that acts upstream of Bax/Bak, controlling their ability to induce apoptosis (18) (19) (20) (21) . In T cells, Bim is sequestered on the mitochondrial membrane by Bcl-2 and Bcl-x L (22) and antigenactivated T cells are particularly sensitive to the ratio of Bcl-2 and Bcl-x L to Bim (17, 21) . Thus we analyzed Bcl-2, Bcl-x L , and Bim levels in TRAF1-deficient and WT OT-I CD8 T cells after activation of purified live populations (Ͼ80% annexin V Ϫ ). The levels of Bcl-x L are greatly increased upon activation in both WT and TRAF1
Ϫ/Ϫ OT-I cells ( Fig. 3 A, B , and E). Although we consistently observed marginally lower (Ϫ15%) levels of Bcl-x L protein in day 2 activated TRAF1-deficient CD8 T cells in comparison with WT T cells (Fig. 3A) , this difference was transient and was no longer apparent by day 4 (Fig. 3B) .
By 2 days after activation, low levels of the Bim EL isoform appeared in TRAF1-deficient T cells but this isoform was undetectable in WT T cells ( Fig. 3 C and E) . Bim L levels Ϫ/Ϫ T cells compared with WT T cells. In contrast, Bcl-2 protein levels were unaltered with activation of either TRAF1-sufficient or -deficient CD8 T cells (Fig. 3E ). These data show that TRAF1-sufficient cells maintain lower levels of Bim in activated T cells, consistent with a prosurvival effect of TRAF1.
Generation of TRAF1-Deficient Memory T Cells. TRAF1-deficient mice challenged with influenza virus at day 42 after priming show a substantial defect in their recall CD8 T cell response (Fig. 1) . Thus TRAF1 appears to play a role in the generation or maintenance of CD8 T cell memory. To examine the effects of TRAF1 on long-term CD8 memory T cell survival, we used a modified version (23) of a previously published method to develop memory phenotype T cells in vitro (24) . In the WT T cells, TRAF1 levels increased with activation and persisted at an intermediate level in memory T cells (Fig. 3D) . After conversion to memory T cells, by using antigen followed by IL-15 treatment, the cultures contained 99% CD8 T cells and the WT and TRAF1-deficient OT-I T cells were indistinguishable with respect to levels of Bcl-2, Bcl-x L , and Bim (Fig. 3E) as well as in their surface phenotype, which resembles that of central memory T cells (CD62L hi , CD44
hi , and CD69 lo ; data not shown). These experiments demonstrate that memory phenotype T cells can be generated from WT or TRAF1-deficient T cells and that after 5 days in culture with IL-15 the ratios of Bcl-2 and Bcl-x L to Bim are comparable.
Role of TRAF1 in Antigen-Independent Survival of CD8 Memory T Cells in Vivo. To assess the role of TRAF1 in memory T cell survival independently of the continued presence of antigen, a 1:1 mixture of WT CD45.1 and TRAF1 Ϫ/Ϫ Thy1.1 memory phenotype OT-I T cells was transferred into naive CD45.2/Thy1.2 C57BL/6 mice without further antigenic stimulation (Fig. 4A) . At 24 h after transfer, there were approximately equal numbers of the WT and TRAF1 Ϫ/Ϫ OT-I T cells in the mice (data not shown). However, by 1 week after transfer there was a decrease in the recovery of TRAF1-deficient compared with TRAF1-sufficient T cells, and this defect increased from a 2-fold to a 7-fold defect over the next 2 weeks (Fig. 4A) . By 3 weeks after transfer, the ratio of WT to TRAF1 Ϫ/Ϫ OT-I T cells within each mouse was 7.29 Ϯ 1.28, 8.5 Ϯ 2.66, and 7.83 Ϯ 2.03 in three independent experiments with three or four mice in each experiment. This decreased cell recovery of TRAF1-deficient T cells was also reflected in the decreased recovery of TRAF1-deficient IFN-␥-producing cells, after restimulation of the splenocytes with peptide (Fig. 4B) .
We used CFSE labeling to monitor cell division at 1 week after transfer, because there was already a significant decrease in the number of TRAF1 Ϫ/Ϫ T cells recovered by this time point. In the absence of antigen, there was little or no cell division of both WT and TRAF1 Ϫ/Ϫ T cells by 1 week after transfer and there was no difference in CFSE distribution between the WT and TRAF1 Ϫ/Ϫ T cells (Fig. 4C) . Thus, differences in the number of memory T cells recovered after transfer are not due to differences in the rates of division. Consistent with the ratio of proapoptotic to antiapoptotic protein observed in Fig. 3 , these findings imply a role for TRAF1 in the survival of CD8 memory T cells.
We also immunized a subset of the mice with WSN-OVA, 24 h after transfer of memory T cells to determine their capacity for secondary expansion immediately after transfer. There was an Ϸ2-fold lowering in CD8 T cell numbers at day 5 after secondary antigenic challenge (Fig. 4D) . These data show that TRAF1 is required for maximal recovery of CD8 memory T cells in vivo. To determine whether increased Bim levels contributed to decreased recovery of TRAF1-deficient T cells in vivo, we used siRNA to knock down Bim in the memory T cells before adoptive transfer. When WT OT-I memory T cells were transfected with a control scrambled duplex RNA and TRAF1-deficient OT-I memory T cells were transfected with a siRNA that targets all three Bim isoforms and the cells were transferred in a 1:1 ratio into a congenic host (CD45.2 Thy1.2) (Fig. 5A) , we observed an increased 
ratio of TRAF1
Ϫ/Ϫ to WT cells 1 week after transfer ( Fig. 5 B and  C) . In contrast, we recovered higher numbers of WT memory T cells when TRAF1-deficient cells did not express the siRNA for Bim (see Fig. 4A ). Furthermore, when Bim was knocked down in both WT and TRAF1 Ϫ/Ϫ memory T cells, similar numbers of the two populations were recovered in vivo at 1 week after transfer (Fig.  5 B and C) . These findings suggest that the increased levels of Bim protein in TRAF1-deficient T cells contribute to decreased survival of the memory T cells in vivo.
Discussion
The mechanisms regulating the survival of activated and memory T cells have not been fully defined. Here we show that TRAF1 expression in T cells is required for maximal recovery of CD8 T cells both in antigen-specific responses in vivo and in the weeks after adoptive transfer of memory CD8 T cells into a naive host. The effects of TRAF1 on T cell recovery could be due to effects on survival, trafficking, or cell division. We found similar defects in TRAF1-deficient antigen-specific CD8 T cell numbers in the spleen, mediastinal lymph nodes, and lung of influenza virusinfected mice after secondary immunization, arguing against a selective trafficking defect. Because TRAF1-sufficient and deficient T cells showed similar rates of division in vivo, these results imply an effect of TRAF1 on CD8 T cell survival. In support of this possibility, we observed that activated TRAF1-deficient antigenspecific CD8 T cells had increased levels of Bim as well as a trend toward lower Bcl-x L , relative to TRAF1-sufficient T cells. Furthermore, siRNA-mediated Bim down-modulation resulted in increased recovery of TRAF1-deficient memory T cells in vivo. Taken together, these data point to the TRAF1 signaling axis and Bim down-modulation as critical for memory CD8 T cell survival.
In addition to the T cell intrinsic effects of TRAF1 on CD8 T cell numbers, we found that TRAF1 in cells other than the antigenspecific CD8 T cells contributed to initial expansion of CD8 T cells. CD8 T cell extrinsic effects of TRAF1 could be due to TRAF1 effects on RANK or CD40 signaling (25, 26) , which in turn can have an impact on CD8 T cells through antigen-presenting cells (27) (28) (29) . However, this was largely a kinetic effect, as by day 7 after transfer, there was no longer a significant difference in antigen-specific CD8 T cell numbers between WT and TRAF1 Ϫ/Ϫ hosts. Furthermore, transfer of OT-I memory T cells into WT or TRAF1-deficient hosts showed no defect in cell recovery at 3 weeks after transfer (data not shown). TRAF1 is also dispensable for CD40-dependent antibody production, because TRAF1 Ϫ/Ϫ mice exhibited normal influenzaspecific antibody responses, including class switch to IgG2a (data not shown), confirming previous reports that TRAF1 does not influence antibody responses (14) .
The decreased number of TRAF1-deficient compared with TRAF1-sufficient OT-I T cells recovered was also reflected in the decreased numbers of IFN-␥-producing cells. In contrast, with influenza infection of TRAF1-deficient mice, there was no decrease in antigen-specific effector function, under conditions where the numbers of antigen-specific T cells were decreased. This lack of impairment in the effector function under conditions where T cell numbers are decreased may reflect increased sensitivity of TRAF1-deficient T cells to antigen receptor stimulation in the influenza model. Indeed, a previous study showed that TRAF1-deficient T cells are hyperresponsive to anti-CD3-induced signaling, suggesting a possible negative role for TRAF1 downstream of the TCR (14) .
An apparently negative role for TRAF1 in TNFR2-and CD3-mediated signaling pathways (30) might be due to receptor-specific effects of TRAF1. On the other hand, a number of gene-targeted mice, including TRAF2-deficient mice (31), show altered basal levels of T cell response to anti-CD3. This change might be due to altered TCR signaling thresholds in mature T cells that have developed in the absence of particular TRAF molecules. In the present report with both influenza and OVA-specific CD8 T cell responses, it is clear that the net effect of TRAF1 on antigenspecific CD8 T cells is to increase their overall numbers in vivo.
The most dramatic effect of TRAF1 deficiency is on long-term survival of CD8 memory T cells. TRAF1-sufficient CD8 memory T cells showed a 7-to 8-fold survival advantage over TRAF1-deficient T cells when they were allowed to compete for survival signals after transfer into a naive host. Decreased T cell recovery after antigen stimulation correlates with increased Bim expression in activated TRAF1-deficient T cells, consistent with the role of Bim in promoting death of activated T cells by antagonizing the effects of Bcl-2/Bcl-x L (17) (18) (19) 21) . This was most evident at day 4 of activation, when the TRAF1-deficient T cells show significantly higher levels of the most potent proapoptotic isoforms (Bim L and Bim S ) (18) . However, WT and TRAF1-deficient memory T cells had comparable levels of Bcl-X L and Bim at the end of the 5-day culture in IL-15, suggesting that excess IL-15 can compensate for the survival defects in TRAF1-deficient T cells in vitro. However, these defects in survival become apparent in the weeks after transfer into a naive host. Bim down-modulation in the memory T cells with siRNA rescued the OT-I TRAF1-deficient T cells, suggesting a link between the presence of TRAF1 and Bim downregulation in T cell survival. The link between TRAF1 and Bim protein levels remains unknown. However, in other models, Erk signaling has been shown to down-regulate Bim expression (32) (33) (34) .
The particular TRAF1-linked receptors involved in memory T cell maintenance in this study have not been identified. IL-15 can induce 4-1BB on CD8 memory T cells, and in the absence of antigen the presence of 4-1BBL in the host results in a 2 to 3-fold survival advantage of the CD8 memory T cells over 3 weeks (23). 4-1BB recruits TRAF1 during T cell activation (31) , and recent data from our laboratory show that TRAF1 is required for Bim downmodulation and T cell survival downstream of 4-1BB signaling (G.P., L.P., and T.H.W., unpublished work). These data suggest that after transfer into a naive host, memory T cells may encounter IL-15, up-regulate 4-1BB, and receive TRAF1-dependent survival signals leading to Bim down-regulation. TRAF1-deficient T cells show a larger defect in survival (this report) compared with the 2-to 3-fold defect observed in 4-1BBL-deficient hosts (23) , suggesting that more than one TRAF1-binding TNFR family member contributes to survival of the CD8 memory T cells.
In summary, TRAF1 in T cells, as well as in other cells, enhances antigen-specific CD8 T cell numbers in vivo. The presence of TRAF1 in the T cells has minimal effects on cell division but rather appears to influence T cell survival, at least in part through down-regulation of Bim. More dramatic effects of TRAF1 were observed on long-term antigen-independent survival of CD8 memory T cells in vivo, suggesting that TRAF1 and Bim downmodulation are critical mediators of CD8 memory T cell survival.
Methods
Mice. C57BL/6 WT mice were obtained from Charles River Laboratories (St. Constant, PQ, Canada). CD45.1 and Thy1.1 congenic mice were obtained from Taconic Laboratories (Germantown, NY). TRAF1 Ϫ/Ϫ gene-targeted mice, backcrossed onto the C57BL/6 background (n ϭ 8) have been described (14) . OT-I mice (35) were provided by Pamela Ohashi (Ontario Cancer Institute, Toronto, ON, Canada). Mice were crossed to generate OT-I TRAF1 Ϫ/Ϫ Thy1.1, and OT-I WT CD45.1 congenic mice. OT-I transgene expression was assayed by using anti-V␣2 and anti-V␤5.1 (eBiosciences, San Diego, CA). Mice were maintained under specific pathogen-free conditions in sterile microisolator caging. Animal studies were approved by the University of Toronto animal care committee in accordance with the regulations of the Canadian Council on Animal Care.
Influenza Virus Infection. Seven-to 10-week-old mice were infected i.p. with 200 hemagglutinin units (HAU) of influenza A/HK-X31 (H3N2) or with 5 HAU i.n. At 3 weeks after infection, some mice were challenged with the influenza A/PR8/34 (H1N1), which shares the immunodominant nucleoprotein (NP) epitope of the HK-X31 strain but differs in the major neutralizing antibody epitopes of the hemagglutinin (H) and neuraminidase (N) proteins, thereby minimizing viral neutralization that would limit secondary CD8 T cell responses. Lungs were perfused with 5 ml of PBS, and lymphocytes from pooled lung samples (n ϭ 2) were enriched by isolation over an 80/40% Percoll gradient. Effect of TRAF1 on antigen-independent memory T cell survival in vivo. Memory-like T cells were generated in vitro from WT CD45.1 and TRAF1 Ϫ/Ϫ Thy1.1 OT-I mice (see Fig. 3 facility (Emory University, Atlanta, GA). Cells were surfacestained with anti-mouse CD8␣-PE, anti-mouse CD62L-FITC, and D b /NP366-374-APC-labeled tetramers. Adoptively transferred T cells were detected by using anti-Thy1.1 or anti-CD45.1. For intracellular IFN-␥ staining, splenocytes were restimulated for 6 h at 37°C with 1 M NP366-374 peptide (with Golgi stop, BD Biosciences, Mountain View, CA) followed by surface-staining with anti-CD8 and anti-CD62L, fixation, and staining with anti-mouse IFN-␥ (BD PharMingen, San Diego, CA). Samples were analyzed by using a FACSCalibur and Cell Quest (BD Biosciences) or FloJo software (TreeStar, San Carlos, CA). CFSE staining was done at a T cell concentration of 5 ϫ 10 7 per ml in prewarmed PBS with 2-2.5 M CFSE for 15 min at 37°C.
Analysis of Cytotoxicity. T cell cytotoxicity was analyzed immediately ex vivo at day 7 after infection. Cells were plated for 1 h at 37°C, and the nonadherent cells were counted and serially diluted preparations were analyzed for cytotoxic activity against 51 Cr-labeled EL4 cells that had been prepulsed with 50 M NP366-374 peptide during the chromium labeling. After 5 h, 70 l of supernatant was harvested onto 96-well harvest plates (Canberra Packard, Mississauga, ON, Canada) and counted on a Topcount scintillation counter (Canberra Packard). The percentage of specific lysis was determined as described in ref. 37 .
T cells, Memory T Cells, and Adoptive Transfers. T cells were purified from the spleen and lymph nodes of mice by negative selection using T Cell Immunocolumns (Cedarlane, Hornby, ON, Canada). Purified OT-I transgenic WT or TRAF1 Ϫ/Ϫ T cells (10 6 ) were transferred. Twenty-four hours later recipients were challenged with WSN-OVA and donor T cell expansion was analyzed.
Memory OT-I T cells were generated by stimulation with SIINFEKL peptide followed by culture in IL-15 (20 ng/ml) as described in ref. 23 . Total culture time was 8-9 days and cells were analyzed for various activation and memory phenotype surface markers at days 0, 2, and 8 of culture. At the end of culture, Ͼ95% of all viable cells were CD8 ϩ , V␣2 ϩ , V␤5 ϩ , and CD45.1 ϩ . WT and TRAF1
Ϫ/Ϫ OT-I cells were mixed at a 1:1 ratio, confirmed by FACS analysis. A total of 4 ϫ 10 6 cells were adoptively transferred by tail vein injection into CD45.2, Thy1.2 WT hosts.
Western Blot Analysis. Cell lysates of OT-I CD8 T cells (Ͼ85%), purified by negative selection using a mouse CD8 T cell enrichment kit (StemCell Technologies, Vancouver, BC, Canada), were prepared from naive or 2-day-activated OT-I cultures, or at day 8, after IL-15 stimulation as described above for memory T cell generation. Cells were washed in cold PBS and lysed in Tris-buffered saline containing 1 mM EDTA, 0.2% Triton X-100, 0.1% SDS, and the complete protease inhibitors mixture (Roche, Laval, QC, Canada). Thirty micrograms of proteins was subjected to SDS/PAGE and then transferred to poly(vinylidene difluoride) (PVDF) membranes (Pall Life Sciences, Mississauga, ON, Canada). Membranes were probed with antibodies specific for TRAF1 (Santa Cruz Biotechnology, Santa Cruz, CA), TRAF2 (Cell Signaling Technology, Pickering, ON, Canada), Bcl-2 (Santa Cruz Biotechnology), Bcl-x L (BD Biosciences), Bim (Cell Signaling Technology), or ␤-actin (Sigma, St. Louis, MO) and incubated with horseradish peroxidase-conjugated antirabbit Ig antibody (Sigma). Signals were revealed by chemiluminescence (Amersham Pharmacia, Baie d'Urfé, QC, Canada) and visualized by autoradiography.
Knockdown of Bim by siRNA Transfection. Day 7 OT-I memory T cells (3 ϫ 10 6 cells) were transfected, using the mouse T cell Nucleofector kit (Amaxa, Gaithersburg, MD), with 100 M either the control scrambled duplex RNA or an siRNA that targets all three isoforms of Bim (Integrated DNA Technologies, Coralville, IA). Cells were kept in culture overnight before i.v. transfer into a naive host.
Statistical Analysis. Where indicated, P values were obtained by using the Student t test (unpaired, two-tailed, 95% confidence interval).
